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183. (New) A method as claimed in Claim 182 where the changes in the response are related 
10 damage in material. 


184. (Newj A method as claimed in Claim 182 where the response is used to detect the 
initiation of a crack. 

1 85. (New) A method as claimed in Claim 1 82 where the response is used to monitor the 
growth of a crack. 

1 86. (New) A method as claimed in Claim 182 where the response is used to estimate the 
length of a crack. 


REMARKS 

Claims 107-121 and 145-162 have been pending m the application. By this Amendment, 
Claims 107, 108, 112. 120, 150. 151, 155 and 161 have been amended. New Claims 163-186 are 
added, of which Claim 179 is independent. The new Claim 179 approximately parallels pending 
dependent Claim 118. No new mancr has been added. All claims are now believed to be in 
condition for allowance. 


P^j^rfjnp»ndgrn5;r.$l02 

Claims 107, 1 12, 120 and 121 have been rejected under 35 U.S.C. § 102(b) as being 
anticipated by Thompson. This rejection is respectfully traversed. 

The present application is directed towards detecting damage in materials around a 
fastener using sensor arrays. Mounting an array of sensors around a single fastener such that a 
linear or circular diive is used with multiple sensing elements, with some elements located in an 
area less likely to form cracks and other elements located in an area more likely to forai cracks, 
allows for deiermimng location of a crack after the crack forms. In addition, in some 
arrangements of sensor arrays, length of the cracks can be determined as well The use of 
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multiple sense elements, sensor arrays. 


I, also provides measurement robustness because addiuonal 
information from extra sense elements' can be used, for example, to vaUdate calibration, provide 
absolute piopeny measurements, or compensate for temperature variations of the test material. 


Thompson is directed towards non-destructive testing of ceitam metal structures by 
incorporating in the manufacnirc of the structure a built-in coil that "will be easy of access, to 
enable the impedance of the coil to be periodically measured at the said location" (Column 1 . 
lines 22-25. illustrated in Fig. 1). Thompson also teaches measuring differential response 
between coils positioned around two different fasteners, assuming that a crack will form at only 
one of the fasteners. 

Thompson does not teach or suggest placing multiple sensors around a single fastener, as 
claimed in the amended Claims 107-108. 1 12. 120. and ISO. The use of the array brings about 
several benefits that are not available with a single sense coil. For example, sensor airays in 
combination with the model-based approach described in the Specification provide for the 
capabiUty to recaUbrate and verify sensor performance using measujemem at differem 
temperatures or to just check the lift-off at each element. In comrast. the smgle coil impedance 
method of Thompson requires that the periodic measurements be perfoimed at the same 
temperature; otherwise, the effects of the temperamre induced nuctuation in the material 
properties (such as the electrical conductivity) on the single coil response camiot be separated 
from the responses due to the presence of a crack. Therefore, Claims 107-108, 11. 120 and ISO 
are not anticipated by Thompson 

Claims 108, 109. 113-119 and 145-162 have been rejected under 35 U.S C. 103(a) as 


being unpatentable over Thompson in view 


of what the Examiner refers to as "the obvious design 


considerations," such as mounting sensors between layers of structures, mounting a sensor ra 
both ends of the fastener and details of the eddy cunent sensor and caUbrating the sensor. This 
rejection is respectfully traversed. With respect to claims 108, 113-119 and 145-162. as 
discussed above, mounting a sensor array instead of a single sensor is significantly different and 
not obvious over mounting a single sense coil because of the numerous additional benefits that 
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the sensor arrays bring over a single sense coil. Funher. measuring responses of ihc sensor array 
requires additional sophisricaied techniques that would have rendered the use and 
implementation ofthe sensor arrar. non-obvious to one skilled of the an at the time of the 
mvention. Therefore, claims 108. 113-119 and 145-162 are not obvious in view ofThompson 
for at least these reasons and the rejection should be withdrawn. 

With respect to Claim 109, the Applicants respectfully disagree that mounting sensors at 
both ends of the fastener is obvious over teaching ofthe single sense coil. Mounting sensors at 
both sides ofthe fastener allows for monitoring for changes in the propetties ofthe fastener itself 
(as opposed to only monitoring changes in the properties ofthe material), which may relate to 
property changes in structure around the fastener In addition, mounting sensors at both ends of 
the fastener has been known to be impractical and hard because often there is access to only one 
side ofthe fastener. An anisan skilled in the an would not have found it obvious at the time of 
the mvention to mount sensors around both ends ofthe fastener. Therefore. Claim 109 is not 
obvious in view ofThompson and the rejection should be withdravm. 

New claims 163-178 dependon the independent Clauns 107. 112. and 120 and are not 
anticipated by Thompson for at least the same reasons as the conesponding independent claims. 
New independent Claim 1 79 roughly parallels pending dependent Claim 1 1 8 and recites 
mountmg multiple eddy-cunent sensors and fasteners and therefore is not anticipated or obvious 
in view ofThompson for at least the same reasons as described above. 
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C QNCLUSION 

In view of ihc above amendments and remarks, it is believed thai all claims are in 
condition for allowance, and it is respectfully requested that the application be passed to issue. If 
the Examiner feels that a telephone conference would expedite prosecution of this case, The 
Examiner is invited to call the undersigned at (978) 341-0036. 

Respectfully submiitei 

HAMILTON. BROOK, SMITH & REYNOLDS. P.C 


Concord, MA 01742-9133 
Dated: 


Jairfoft M. Smith 

istraiion No. 28,043 
fclephone: (978) 341-0036 
Facsimile: (978)341-0136 


FAX RECEIVED 

JUL 0 3 2003 


TECHNOLOGY CENTER 2800 
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107. (Twice Amended) A method for monitoring damage at a fastener comprising: 

mourning an eddy cmtni sensor assy to a test substrate under the head of a fastener; 

and 

sensing response of the test substrate to a magnetic field imposed by the eddy-cuireni 

sensor. 

108. (Twice Amended) A method of monitoring damage at a fastener comprising: 

mounting an eddy-currcm sensor aaay to a strucnire near a fastener, the sensor being 
mounted between layers of the structure anached by the fastener; and 

sensing response of the test substrate to a magnetic field imposed by the eddy-current 

sensor. 

] 12. (Twice Amended) A method for monitoring damage at a fastener corapnsing: 

mounting at least two eddy-cunent sensor[s] mm on a test subsnraie around 
respective fasteners; 

connecting drive and sense conductors of the eddy-cuirem sensors with a single cable 

to a data acquisition system; and 

sensing response of the test substrate to a magnetic field imposed by the eddy-current 

sensors. 

120. (Twice Amended) A method for monitoring damage at a fastener comprising: 

mounting an eddy-cuirem sensor anrav with [in] a cyhndrical support material shaped 

in the form of a washer; 

mounting the cylindncal suppon to a test substrate under a fastener head; and 
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scnsing response 

sensor. 


of the test substraie to a magnetic field imposed by the eddy-cuixeni 


150. (Amended) a method as claimed in Claim 108 where the eddy current sensor has at least 
[one drive winding and at least one sense element] two ^ ir ive cpy^^^cton and ^hf? ^^em 

fiir.>ctiQn in at QTie CQT^diiCTQ£. 

151. (Amended) a method as claimed in Claim IM [150] further comprising calib^^^^ 
sense element by adjusting the response to an appropnaie level. 

155. (Amended) a method as claimed in Claim IM [150]. where the eddy cunent sensor has a 
periodic magnetic field produced by linear segments of the drive winding. 

161. (Amended) A method as claimed in Claim 1 12 where [each sensor has respective drive and 
sense conductors] r|. ^ Hrive conducto rs of at le4st two se n^ f )rs m rOPne^Ted in s^e^ . 


